A Clausius-Rankine-cycle has been proposed to recover waste heat from a piston engine. This waste heat is then used to supercharge the cylinders by means of a steam turbocharger. The advantage of using this steam turbocharger system is to avoid the losses due to the engine back pressure which accompany the use of the conventional exhaust gas turbocharger. The mass flow rate of turbines for steam turbochargers in the range from 1 to 10 kw is about 0.03 to 0.08 kg/s. This implies a special turbine design, characterised by partial admission and supersonic flow, which unfortunately leads to low turbine efficiencies. A small Pelton turbine for steam has been designed and produced. The turbine is connected to the radial compressor of a conventional exhaust gas turbocharger which works, in this case, as a brake to dissipate the generated turbine power. A special test rig has been built to carry out the experimental investigations on the proposed Pelton turbine. The test rig is supplied with superheated steam from the University's power plant. Two different rotors for this Pelton turbine have been tested under the same operating conditions (rotor 2, see Fig. 1 ). Some experimental test results of a special Pelton turbine are presented and discussed in this report. 
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Introduction
The turbines of the exhaust gas turbocharger systems currently being used are either constant pressure arrangements or pulse type turbochargers.
Both get their power by banking-up the exhaust gas flow and from the kinetic energy of the exhaust gases, and to a much lesser extent from the thermal energy of the exhaust gases. In order to achieve sufficient engine response from the supercharged combustion engines, today's turbochargers are designed for an exhaust mass flow rate which is less than the design mass flow rate of the engine, thereby enabling the achievement of higher turbine speeds, even when the number of engine revs is low. This guarantees an improved response by the charger in the low engine speed range. However, in the high engine speed and load range this would lead to extremely high values of turbine inlet pressure, turbocharger speed and boost pressure. So, making use of a waste gate with this type of turbocharger is absolutely necessary. This means that with high loads, and in the upper speed range, up to 50% and more of the exhaust mass flow must be throttled in the waste gate in order to avoid exceeding the maximum turbocharger speed and boost pressure. Despite the use of a waste gate, the conventional turbocharger has one main shortcoming: a considerable increase in engine backpressure p 3 (turbine inlet pressure) in the upper engine speed and load range. Since the boost pressure should be kept constant over a wide scale of engine speeds, the compressor with increasing engine speed and load requires more power because of the rise in air consumption of the engine. So, in the case of a waste gate controlled turbocharger, where the whole exhaust mass flow is not carried through the turbine, the necessary mechanical power to drive the compressor is covered by a higher turbine inlet pressure p 3 as is the case when using a larger turbine, designed for the maximum engine exhaust mass flow, where the same power is generated by a greater mass flow but at a lower level of p 3 . As a result, the displacement work of the engine is increased and this leads to a reduction of the engine efficiency associated with an increase in the specific fuel consumption.
These above mentioned disadvantages can be avoided by using the steam turbocharger system. is that the engine operates with a positive pumping loop over the whole engine operating range. This is because the steam generator represents a very low resistance to the flow in the exhaust gas flow path so that the exhaust gas back pressure is almost atmospheric (see case B, Fig. 3 ). The conventional turbocharger operates with a positive pumping loop (see case Al in Fig. 3 ) only in a small part of the engine 
The maximum efficiency of the Pelton turbine r? t has been theoretically reached if the buckets are moving with a velocity equal to about 50% of that of the impinging jet
For this case the turbine efficiency can be calculated applied to the two-dimensional isentropic flow of an ideal gas was used for the design in a manner analogous to that described in references /8/ and /9/. Fig. 7 shows a cross-section of the supersonic nozzles used in the tests. The nozzles were installed and secured in the turbine in such a way that in further tests they can be easily changed. 
The Test Rig
As mentioned before, the steam turbine is the most critical part of the whole Clausius-Rankine-cycle. that during the first tests a power range between .5 and 7 kW from the turbine was covered. Analogous to this is the compressor power which is shown in Fig.  15 as a function of the compressor mass flow. Fig. 16 shows the effect of speed ratio ν = u 3,i/ c 3,i,s on the isentropic turbine efficiency r? t .
Whilst the efficiencies of rotor 1 lie in the region of 20% to 3%, with rotor 2, efficiencies in the region of between 40% and 50% and more were measured. This range of efficiency values has been foretold for small steam turbines also in /9/. From Fig. 16 it is evident that higher values of turbine efficiency can be obtained at lower speeds and vice versa. This trend is quite surprising since the efficiency was expected to increase with an increasing velocity ratio. Errors in temperature measurement can be ignored because the turbine inlet temperature was measured at two different places. This was also done for the turbine outlet temperature. Since the turbine outlet flow is free of swirl the temperature measurement at this point is not so imperfect as it is in the case of an exhaust gas turbocharger. And last but not least, the turbine was insulated so that effects of heat transfer can be ignored. The effect (that the turbine efficiency decreases with an increasing velocity ratio v) can be explained by the fact that an increase of turbine • η • 70 000 r. p.«. An-β0000 r.pjt.
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